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NOAA's National Estuarine Inventory (NEI) is a series of related 
activiti es of the Office of Oceanography and Marine Assessment (OMA), National 
Oceanic and Atmospheric Administration (NOAA) that aims to develop a national 
estuarine data base and assessment capability. Initiated in June 1983 as part 
of NOAA's program of strategic assessments, the broad goal of the NEI is to 
build a comprehensive computerized data base for evaluating the health and 
status of the Nation's estuaries. It aims to bring estuaries into focus as a 
national resource base. Without a systematic set of data with common 
coordinates , units and classifications, it is difficult to analyze or compare 
estuaries, to assess their regional influence and to generate useful 
information in the form of sediment charts or desk-top computer summaries. 
In May 1990 the Sediment and Contaminant Inventory (SCI) was initiated 
to develop a comprehensive information base on the distribution of bottom 
sediments and their contaminants. The SCI provides a new computer data base 
and it characterizes the essential and typical sedimentological features of 
each system. This is one step in the compilation of a regional synthesis, 
thus bridging the gap between site specific studies and a regional data base. 
The ultimate goal of the characterization is to learn the status of sediment 
distributions in the Nation's estuaries. It shows the most recent and 
mappable data that exist, where it comes from and where the gaps are that need 
to be filled. The data are organized into systematic data sets that are 
easily retrievable by personal computers. The computer will display the 
sediment maps together with living marine resource distributions, wetlands, 
pollutant sources and circulation routes to make comparisons and rankings. 
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Selection of Estuaries 
The estuarine systems selected are from the NOAA National Estuarine 
Invent ory in the South Atlantic region (Figure 1). The principal spatial unit 
of each system is the estuarine drainage area (EDA) defined in the NEI data 
atlas (U.S. NOAA, 1985). The sediment and contaminant distributions embrace 
the estuarine bottom area, i.e. from the head of tides to the mouth where the 
estuary meets the ocean, bay or sound as determined by physiographic features 
(U.S. NOAA, 1985). Data coverage embraces whole estuaries and far-field 
distributi ons. Chart scales are greater than 1:80,000 and chart units larger 
than 0.1 square kilometer. 
Sources of Information 
Data on bottom sediment characteristics and sediment distributions come 
from a variety of existing sources: computer files, published and unpublished 
literatur e including masters theses, doctoral dissertations and laboratory 
file data. The data come in many forms: e.g. tabulations, graphs and charts 
of distributions. Data entered into the data base and used to compile 
sediment charts, come from references considered primary sources whereas 
general information used to characterize the sediments and to interpret 
sedimentar y processes come from references considered secondary sources. 
Data Base Organization 
The data were selected to provide the most up-to-date and comprehensive 
spatial coverage on bottom sediments. They consist of either laboratory 
processed data obtained from analysis of samples or cores collected at 
individual stations, or charted distributions copied from a published 
reference. 
The sediment data are organized and processed into systematic data sets 
in digital form through a sequence of steps illustrated in Figure 2. (1) once 
the data are identified and acquired, they are (2) inventoried and documented 
by bibliographic referencing, then (3) sorted by location, parameter and by 
spatial coverage, and (4) assessed for quality, i.e. completeness, consistency 
for compilation into chart "mosaics," (5) selected for inclusion in the data 
base with priority given to the best available, most recent and mappable 
laboratory processed data. Then, (6a) the point station data are reduced to 
common units, digitized in GIS (Geographic Information System) using either 
Arc Info or a Numonics NUM 2200 unit and then entered into a PC Quattro Pro 
spreadsheet. They are entered by data source, sample number, geographic 
coordinate, and parameter; textural distributions are classified into percent 
mud and the Shepard classification (Shepard, 1954), or mean and median 
diameter. The PC used is a NEC Powermat 3865X personal computer equipped with 
Map Info Map File Import/Export package. Alternately, (6b) the chart 
distributions are scaled to a standard NOS chart, transferred to a mylar 
overlay and digitized by NOAA's Arc Info unit using the GIS and a plotting 
package. The digitized data are then (7) plotted as "test" charts that serve 
to validate data in the data base. The resulting distributions from steps 6b 
and 7 are then examined for consistency, verified and (8) stored in a computer 
file. (9) The file data are processed by making digital contour plots for the 
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Figure 2. Scheme of organization and processing data into a computer data 
base and desk-top atlas. 
Data Quality 
The data used are the best available and most recent mappable data for 
ea c h syst e m. The relative scientific certainty of the data is assessed, after 
initial sorting of source data and after test plotting, at two levels: (1) by 
d a ta sour c e and (2) their "mappability." Appendix 1 shows the organization of 
data quality, criteria used and weighting scales . The overall, or aggregate, 
quality is estimated by averaging the two levels of certainty after 
normalizing to 100 (Table 1). For example, the overall data for Charleston 
Harbor is rated "highly certain.'' It is all laboratory processed data using 
s tandard techn i ques; it has a high sampling density (more than 7 stations/10 
km2 ) and has a number of additional measured parameters, besides textural 
parameters, which also have a high sampling density (Levisen and Van Dolah, 
1990). 
Sediment Parameters an d Charts 
Sediment texture is mainly derived from laboratory mechanical analyses 
of sediment size. In several systems however, e . g. which lack laboratory 
processed data, sediment distributions are derived from visual examination . 
Sediment texture is mainly expressed as weight percent clay, silt, sand and 
gravel with textural classes following the standard Wentworth grade scale . 
Field sampling, laboratory processing and statistics of the size distributions 
often vary with investigator but no attempt has been made to modify the 
original data except to convert units . Readers should refer to the original 
data sources for procedural details. For systems lacking data expressed as 
clay, silt and sand percent , the percentage of sand and of ''mud" (i . e . silt 
plus clay) is used. Alternately, data for the statistical parameters mean , 
median or modal diameters are used. Where textural data from several reliable 
data sources are available , the most recent and compatible data are used to 
compile a chart "mosaic . " 
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Table 1. Data Quality Weightings by Source and Mappability 
DATA SOURCE QUALITY MAPPABILITY AGGREGATE QUALITY 
NB SYSTEM ID S1 S2 S3 S4 ss ST SQ M1 M2 M3 M4 MS MT MQ AQ DATA QUALITY 
Bogue Sound 1 3 1 2 2 1 9 60 
2 3 1 2 3 1 10 67 
3 3 1 2 5 1 12 80 
AVERAGE 69 2 2 3 1 0 8 67 68 Fauly Certain 
Winyah Bay 1 2 2 2 5 1 12 3 3 3 f 0 10 
AVERAGE 80 83 82 Moderalely Certain 
Santee Rr,era 1 2 2 3 5 1 13 3 3 3 1 0 10 
AVERAGE 86 83 85 Moderalely Certain 
Charleston Hamor 1 3 2 2 5 1 13 3 3 3 2 1 12 
AVERAGE 86 100 93 Highly Cena,n 
Broad R111erl 1 3 2 2 5 0 12 3 3 3 1 0 10 
Pon Royal Sound 
AVERAGE 80 83 82 Moderalely Certam 
Osubaw Sound 1 2 0 3 4 0 9 2 1 3 1 0 7 
AVERAGE 60 58 59 Fairly Certain 
Ooboy Sound 1 3 2 3 5 1 14 3 3 3 1 1 11 
93 92 93 HighlyCenain 
Dupion R111er 1 2 0 3 5 0 10 3 3 3 1 0 10 
AVERAGE 67 83 75 Moderalely Certain 
Biscayne Bay 1 2 0 2 1 0 5 1 3 3 1 0 8 
AVERAGE 33 67 so Reasonable lnlerence 
DATA SOURCE QUALITY MAPPABILITY AGGREGATE QUALITY -..___.':) 
10: SOURCE ID' AO (SCALE) DATA QUALITY 
St : DATA FORM M1: SAMPLING DENSITY over 85 HIGHLY CERTAIN 
S2: DEGREE OF LAB PROCESSING M2: SPATIAL COVERAGE 70 • 85 MODERATELY CERTAIN 
S3: DOCUMENTATION M3: CONSISTENCY 55 · 70 FAIRLY CERTAIN 
54: SAMPLING DENSITY M4: TEMPORAL COVERAGE 40 • 55 REASONABLE INFERENCE 
SS: ADDITIONAL PARAMETERS MS: ADDITIONAL PARAMETERS Below 40 DOUBTFUL 
ST: SUM OF THE WEIGHTINGS MT: SUM OF THE WEIGHTINGS 
SQ: NORMALIZED WEIGHTING MO: NORMALIZED WEIGHTING 
• Number corresponds to reference in charactenzation summary for each system. 
Total carbon (carbonate plus organic carbon) is usually measured by high 
temperat ure combustion in an induction furnace. Organic carbon may also be 
measure d by high combustion after removal of carbonate by acid digestion). 
Organic matter is usually found by weight loss after oxidation such as 
treatment with hydrogen peroxide or loss on ignition. Since organic carbon 
represents about half of the total organic matter, organic matter percentages 
are also derived by multiplying organic carbon values of the original data by 
a factor of 1.8 following Bader (1954, 1955). Sediment organic carbon and/or 
organic matter are linearly related to the nitrogen content with ratios of 
about 11 to 13 (Bader, 1955). These parameters therefore, are an indication 
of eutrophic substances. 
Water content of the sediments represents the weight percentage of water 
in a given sediment mass to the wet weight of sediment. It is usually 
determined by weight loss after drying. Water content is inversely 
proportional to grain size and bulk density, and directly proportional to 
porosity (Bennett and Lambert, 1971). 
Short-t erm rates of sedimentation spanning decades (< 150 years B.P . ) 
are determined from either bathymetric changes or geochronology. Bathymetric 
changes are measurements of shoaling or deepening of the bottom between 
successive depth surveys (Shepard, 1953). These changes reveal spatial 
patterns of sedimentation rate but are usually not as precise as radiometric 
measurements of sediment age with depth in sediment cores, e.g. 210Pb and 
137cs. The 210Pb measurements reveal temporal variations with depth and are 
sensitive to local variations. Where most sediment accumulates in dredged 
channels, maintenance dredging records of depth changes also provide useful 
data. 
Maas Balance nd Storage Efficiency 




(losses or removal) 
Assuming steady state over the long-term then the input flux, Mi, must equal 
the output flux, Me, and the flux to the bed, Ms. Biogenic production (P) and 
consumptio n (C) are neglected since they are usually small. The sources and 
losses of sediment vary with investigator, and with methodology or data 
uncertainties. Thus, a range of estimates is presented. The storage 
efficiency, Si, is the ability of an estuary to retain and accumulate sediment 
delivered to it (Nichols, 1986). This is expressed as a ratio of the mass 
rate of accumulation to the rate of input over a given time. Thus: 
Si= Ms/Mi 
The storage efficiency ratio is referred to the fluvial input mass which is 
usually known. Therefore, a ratio of one implies the amount of sediment 
accumulated is equivalent to the amount supplied by the river(s). A ratio 
greater than one implies an estuary stores more sediment than supplied by its 
rivers whereas a ratio less than one implies the estuary stores an amount less 
than the total fluvial input, a situation when fluvial sediment is transported 
through an estuary. 
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Pollution Susceptibility 
The relative status of pollution is partly characterized by their 
susc eptibility to pollution, i.e. the potential for pollution as determined by 
hydr aulic characteristics and by the exposure to anthropogenic activities in 
the watershed. Following Biggs et al. (1989) the susceptibility 
chara cteristics are: 
1 . Hydraulic Character - HL 
Hydraulic loading which is the contaminant handling capacity of a 
system based on the volume and flushing. It includes both 
freshwater and tidal flushing and indicates how well an estuary 
can dilute or transport contaminants. When hydraulic loading is 
low flushing is sluggish and the estuary tends to retain 
contaminants. 
2. Stratification - STRAT 
Estuar i es with strong vertical salinity gradients are likely to 
develop hypoxia or anoxia and to recycle nutrients more 
efficiently than homogeneous systems. 
3. Population/Estuary Surface Area - P/EA 
This ratio expresses the estuary loads of anthropogenic substances 
likely to result from watershed activity particularly point 
sources. When P/EA is high, nutrient loads to the estuary may be 
high. 
4 . Agriculture Workers/Estuary Surface Area - AG/EA 
This ratio expresses the estuary loads of anthropogenic substances 
likely to result from watershed activity particularly non-point 
sources. When AG/EA is high, nutrient and toxic loads to the 
estuary may be high. 
5 . Chemical Workers+ Population and Estuary Area -
C +PEA 
This relation expresses the estuary loads of anthropogenic 
substances likely to result from watershed activity, particularly 
point sources. When these values are high, toxic loads to the 
estuary may be high. 
The parameters "3," "4," and "5" are ratios of the anthropogenic 
watershed activity to the hydraulic loading, parameter "1". They express the 
concentrations of pollutants that could result considering the given load to 
the system and the systems ability to flush that load to sea. The relative 
ranking, high, medium and low, in the characterization summaries is based on 
comparison of 78 U.S. estuaries from the National Estuarine Inventory (Biggs 
et al., 1989). 
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SEDIMENT CHARACTERIZATION 
SO2O BOGUE SOUND 
Deac ri ption 
The Bogue Sound system consists of six components: (1) Bogue Sound 
proper , (2) Back Sound, (3) North River, (4) Newport River, (5) White Oak 
River, a nd (6) Cape Lookout Lagoon. Bogue Sound proper and Back Sound are 
lagoonal s ubsystems lying behind barrier islands with exchange through inlets, 
Beaufort I n l et and Bogue Inlet. The North, Newport and White Oak Rivers are 
lagoonal e st uar i es that are tributary to the Sounds. The system is subject to 
local ant hr opogen i c impacts of residential development and nutrient loading of 
sewage an d boa t s. Bogue Sound proper is cut lengthwise by shallow dredged 
channels o f t he Atlantic Intracoastal Waterway and by transverse 
interconn e c ting channels into the Newport River, through Beaufort Inlet and 
Bogue Inl et . The system is distinguished by its large number (6) of composite 
interconnect ed subsystems and low stream discharge. 
Configu ration and Bathy etry 
The Bogue Sound system is irregularly shaped; broadly it consists of an 
elongate basin separated from the ocean by sand barrier islands, Bogue Banks 
and Shackl eford Banks. In contrast to Core Banks to the north, these barrier 
islands ar e prograding seaward (Heron et al., 1984). The landward shore is 
indented wit h three lagoonal estuaries which are fringed with salt marshes and 
sand beac hes. The estuaries are connected to the Sounds by tidal channels 
meandering through marsh islands which are part of large flood tidal deltas 
extending t o the inlets (Shepard and Wanless, 1971). 
Bogue sound proper is a shallow lagoon averaging 0.6 to 0.9 m deep with 
the great e st natural basin depth of 4.5 m. The Intracoastal Waterway, which 
is dredged to 4.5 m; extends along the northern margin and is flanked by small 
islands or shoals of disposed dredged material. North River is shallow, 0.6 m 
and 11 km long on average, while Newport River is less than 1.8 m and 11 km 
long. Whit e Oak River is largely less than 1.8 m deep but deepens to 4.0 min 
seaward p ar t s. 
The modern Sound system is relatively young forming less than 5,000 
years a go. It formed landward of Holocene barrier islands as rising sea level 
inundat e d former lagoons and river valleys (Berelson, 1979). Long-term 
sub mergence proceeds at about 1.2 mm/yr (Berelson, 1979; Gornitz and Lebedeff, 
198 7) wh i le short-term rates are about 1.8 to 3 mm/yr (Emery and Aubrey, 
19 9 1 ). In White Oak River, long-term submergence exceeds sedimentation which 
is about 0.7 mm/yr whereas short-term submergence is about equal to 
s ed i mentation which is about 2.5 to 5.0 mm/yr (Benninger and Martens, 1983). 
Sedi ent Sources 
Sediment is supplied to the Bogue Sound system from multiple sources. 
Mud i s supplied from marine areas, as suggested by the high ratio of illite to 
kalonite clay minerals in the North and Newport Rivers (Park, 1971). Sand is 








In Bogue Sound proper, barrier islands are a proximate source of sand while 
ocean beaches, the shoreface or continental shelf, are an ultimate source. 
Additio nally, sediments in the North and White Oak Rivers are supplied by 
reworki ng of old Pleistocene deposits either on the river floor or in shore 
banks (Edwards, 1961; Bernstein, 1977). Fluvial influx is very low because of 
the low basin relief and stream discharge. Marsh production supplies organic 
detritus while oyster and invertebrate production supplies shell. 
Pathways 
Se diment transport within the Bogue Sound system is diverse because of 
th comple x configuration, varied energy sources and change in energy 
dissipati on with time and throughout the area. Pathways are broadly organized 
into four subsystems: (l) an inlet subsystem driven by ocean tides and 
superimpos ed meteorological forcing that transports fine suspended sediment 
and sand bedload via an inward residual transport diverging through 
bifurcating channels of a flood tidal delta; currents decelerate landward from 
about 80 cm/s to 20 cm/sin Bogue Sound proper and 10 cm/sin river estuaries 
(Brett, 1963 ). (2) A barrier subsystem driven by storm washovers or onshore 
winds that transport sand bedload and an eolian suspended load of beach-berm 
and dune sand landward into Bogue and Back Sounds (Shope, 1980). (3) A basin-
shore subsyst em whereby fine sediment is resuspended or winnowed from the 
estuary or sound floor by wind drift or wave action, transported shoreward and 
deposited in less energetic zones as protected reentrants, flats or marshes. 
Alternately, shore material and organic detritus is eroded from marshes or 
Pleistocene banks and moved seaward into less energetic basins. (4) A weak 
fluvial sub system in the White Oak River (Bernstein, 1977) whereby fine 
sediment introduced from streams moves seaward through tidal creeks during 
floods and decelerates in the weak tidal flow regime. Within the Sounds wind 
stress likel y drives an intermittent back and forth transport from one end to 
the other. 
Sinks 
The diverse pathways lead to a variety of depositional components or 
sinks. The inlet subsystem, which interacts with ocean waves, ebb tidal flow 
and longshore currents, produces prominent flood tidal deltas consisting of 
broad sand flats partly colonized landward by marsh. Since the barrier 
islands are relatively stable, except near inlets, partly developed and 
prograding seaward, storm washovers are limited to low central narrow parts of 
Bogue Bank. The basin-shore subsystem leads to accumulation on flats, marshes 
and small protected reentrants bordering the sounds and estuaries as well as 
in their inner reaches. Fluvial deposition is reported only in inner White 
Oak River (Bernstein, 1977). Deposition is enhanced throughout the system by 
trapping in marshes and eelgrass zones and by filter feeders, especially where 
currents are active and mean sediment size exceeds 0.09 mm, very fine sand 
(Brett, 1963). 
Botto Sediments 
Sediment texture is dominated by an abundance of fine to very fine sand 
(Figure 1). Medium sand is found in the inlet channels (Batten, 1959) and 
their landward extensions through flood tidal deltas. Landward parts of the 





Sediments of Cape Lookout Bight consist of silt in the central basin 
rapidly accumulating at 10 cm/yr (Wells, 1989). Medium sand is abundant on 
shallow margins. 
Sediments in the North River estuary are mainly moderate to well-sorted 
very fine to fine sand which grade into medium sand along narrow beaches and 
into silt and clay in less energetic deep water. This distribution reflects 
reworkin g of Pleistocene bank deposits rather than fluvial input which is 
insignific ant (Edwards, 1961). Calcium carbonate is abundant in zones of 
oyster banks and in areas of poor sorting as the channels (Edwards, 1961). 
Sediments in the Newport River estuary exhibit a similar pattern to 
those in the North River (Johnson, 1959). With distance seaward silt and clay 
in inner parts grade into well sorted fine to very fine sand in the middle 
part and then into clean medium or coarse sand near Beaufort Inlet. 
Sediments in White Oak River exhibit a similar lateral and longitudinal 
pattern to those in the Newport and North River estuaries. They coarsen with 
distance seaward toward the inlet and from central parts toward the shore 
(Bernstein , 1977). 
Sediments of Bogue Sound proper are predominantly fine sand which 
becomes slightly coarser near Bogue Inlet (Brett, 1963). Sediment also 
coarsens slightly toward the Sound center, which is less protected from wave 
action. In open water, clay content is low averaging 1.5% and organic matter 
is low averaging 0.2\. However, higher percentages occur in protected 
marginal reentrants where clay content averages 12.5% and organic content 
averages 2.4\ (Brett, 1963). 
Contamination Status 
In terms of pollution susceptibility among the nation's estuaries Bogue 
Sound is among the least susceptible systems (Biggs et al., 1989). Despite 
its poor flushing ability it has a low population level, except locally at 
Atlantic City and Beaufort, and low industrial and agricultural activity in 
its drainage basin. Fluvial influence is very low. 
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Bottoa Sediment Charts 
Bottom sediments of the Bogue Sound system have been sampled by a number 
of investi gators in different subsystems as follows: Bogue Sound proper 
(Brett, 1963), Cape Lookout Bight (Wells, 1988), North River (Edwards, 1961), 
Newport River (Johnson, 1959), White Oak River (Bernstein, 1977), Back Sound 
(Berelson, 1979), and Beaufort Inlet (Batten, 1959). Altogether about 376 
stations were occupied. Most samples were collected by a grab or a shallow 
core. In Bogue Sound proper Brett (1963) collected samples along five 
transects across the Sound. The spatial density of stations is relatively low 
and therefore isopleths of textural characteristics, which vary within narrow 
limits, are crude. Only in the White Oak River is the density sufficient to 
delineate textural distributions in detail. Information on station 
positioning methodology is scant except in the White Oak River where a sextant 
and dead reckoning were used. Most sediments were analyzed for grain size by 
standard methods, sieve and hydrometer (Brett, 1963) or sieve and pipette 
(Johnson, 1959; Edwards, 1961; Bernstein, 1977). Most data are reported in 
Wentworth modal and median size. The textural chartlet shown in Figure 1 
follows a synthesis compiled by Wells (1989). 
The distribution of modal diameter is broadly classified into three 
classes following Wells (1989). This classification displays dominant 
patterns but does not show spatial detail. The density of stations also 
limits detail. For greater detail refer to the original sources. 
For sources of information and explanation of data in the sediment 
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Figure 1. Distribution of modal grain size following Wentworth classification as synthesized from 
Wells (1989). 
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Fine sand; locally mud in basins , landward 
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SEDIMENT CHARACTERIZATION 
SOSO WINYAH BAY 
Des cription 
Winyah Bay has the second largest watershed of any estuary along the 
U.S. Atlantic coast. It experiences relatively high freshwater inflow, 600 
m3/s on the average, and a moderate fluvial sediment influx, 1.4 x 10 6 m 
tons/yr . Most of the drainage area is rural or occupied by marshes and 
swamps; urban areas are scattered and contain less than 30,000 people. The 
mean tid e range is 1.0 to 1.2 m. The bay shoreline is largely natural and 
free of e r osion control structures. A shipping channel 8.2 m deep and 28 km 
long co n nects the port of Georgetown to the Atlantic Ocean. The bay receives 
contami na nts from small municipal point sources and numerous agricultural-
induced non-point sources in the drainage area which has high pesticide use 
rates. Al th o ugh the Bay is partly removed from the direct effects of large-
scale co nt ami nation, shellfishing is restricted or prohibited throughout most 
of the s ystem (Devoe, 1992). 
Config uration and Bathymetry 
Wi nyah Bay is stomach-shaped being widest, 7 km, in the central portion, 
Mud Bay (Figure 2). Marsh islands occupy the wide reach and these have been 
expand ed by dredged material disposal input to create new habitats. The Bay 
narrows seaward to 1.2 km at the entrance and is bounded by an arcuate spit, 
North I sland. The original ebb tidal delta has been largely destroyed by 
jetties which extend seaward 2 to 5 km, north and south of the entrance. 
These je t t ies trap littoral drift moving south along North Island, as well as 
sandy ma ter i al moved through the entrance by flood tidal currents. As a 
result changes in entrance bathymetry account for large changes in erosion and 
deposit ion in the Bay (Mathews et al., 1980). 
The modern Bay is relatively young forming less than 5,000 years ago. 
It for med when the most recent rise of sea level inundated and alluviated 
forme r river valleys (Colquhoun, 1972). Submergence proceeds today at about 
3.0 mm/yr (Emery and Aubrey, 1991), a trend that partly offsets sedimentation 
thus prolonging the Bay's lifespan. Long-term rates of submergence are about 
0 .9 mm/yr (Gornitz and Lebedeff, 1982). Like other systems on the Carolina 
c oast , marshes are likely in balance with sea level rise. 
Sediment Sources 
Although a great deal of fluvial sediment is eroded in the drainage 
basin, an estimated 23 x 10 6 m tons/yr (Phillips, 1991), only about 2.3 x 10 6 
m t ons/yr or 10%, reaches the Bay and lower tidal rivers. This includes both 
sand and mud (Zabawa, 1979). The bulk of the erodible material is stored on 
hill slopes, channels, floodplains, and ponds in the upland. About 9% 
accumulates behind dams (Phillips, 1991). As a consequence of the high upland 
storage and low fluvial transport capacity, the Bay is relatively well 
"buffered" against impacts that change the fluvial sediment supply. Marine 
areas, the shoreface and inner continental shelf, supply substantial amounts 
of sand and some mud. Most littoral drift is trapped north or south of the 
jetties but small amounts are trapped in the entrance channel. Additionally, 
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ma ri ne sands are supplied by storm washovers and aeolian erosion of North 
Isl and (Zabawa, 1977). Another source of sand is reworking by tidal scour of 
Eoc ene and Cretaceous deposits locally exposed on the channel floor (Zabawa, 
197 7; Colquhoun, 1973). Organic detritus is supplied by production in marsh 
isla nds and bordering salt marshes. 
Pat hways 
Sediment transport in Winyah Bay is controlled by tidal current flow and 
the estuarine circulation. Ebb current reaches 170 cm/son the surface while 
floo d current reaches 138 cm/s (Fagerburg, 1989). Transport pathways are 
broa dly organized into three subsystems: (1) an inlet subsystem with landward 
tran sport of sand through the entrance channel extending landward to the 
vici nity of the central marsh islands. (2) A fluvial subsystem driven by 
rive r inflow through the Waccamaw, Sampit and Black Rivers. (3) An estuarine 
circ ulation driven by density gradients during average to high river inflow. 
Duri ng high inflow the Bay develops a highly stratified mixing regime (Type A, 
Prit chard) whereas at average inflow it is partially mixed (Type B, 
Prit chard). Fine sediment therefore is cycled: (1) seaward through 
fres hwater reaches of the tidal rivers; (2) seaward through the upper 
e stu arine layer and (3) landward through the lower estuarine layer mainly in 
the shipping channel, 20 to 35 km landward of the entrance, i.e. from Frazier 
Poi nt to the Pee Dee River entrance. Trapping of fine sediment in this zone 
by t he estuarine circulation which is enhanced by flocculation, results in 
fast deposition in channels (Zabawa, 1977). Prior to accumulation, fine 
sedi ment undergoes repeated tidal cycles of settling, deposition and 
resus pension, particularly in central reaches (Zabawa, 1977). 
Sinks 
About 60% of the fluvial load of fine sediment, 1.4 x 10 6 m tons/yr, is 
dep o si ted in marshes and swamps of the lower tidal and fluvial estuarine 
rea c hes (Phillips, 1991). The rest is deposited in Georgetown Harbor and 
f art her seaward on shoals of Mud Bay, on the floor of Western Channel (Zabawa, 
19 79) as well as in patches on the floor of the shipping channel. 
Add itionally, sand accumulates in the shipping channel and on shoals of 
seaward reaches (Zabawa, 1979; Mathews et al., 1980). In brief, the Bay is 
fil l ing from both ends. 
Bottom Sediments 
Landward reaches are predominantly mud whereas seaward reaches are 
predominantly sand (Figure 2). Heterogeneous mixtures of mud and sand cover 
central reaches. This pattern is complex because of local variations in 
bathymetry and configuration besides the redistribution of disposed dredged 
material (Fagerburg, 1989). Calcium carbonate content of the sediment reaches 
25% reflecting shell content of mussels and oysters (Hinde et al., 1981). 
The pattern of mud percentage, Figure 2, which is based on analyses of 
Colquhoun (1973), is subject to change because of maintenance dredging and 
open water disposal on adjacent shoals which amounts to about 0.3 x 10 6 m 
tons/yr. Additionally, changes likely continue in response to jetty 
construction at the entrance which began in 1876. Furthermore, Hurricane Hugo 




In terms of pollution susceptibility among the nation's estuaries Winyah 
Bay r anks high because of its high agriculture activity in the drainage basin 
relati ve to the size of the estuarine drainage area and to its low ability to 
trans port contaminants through the system (Biggs et al., 1989). Heavy metal 
conce ntrations in sediments are elevated in the Sampit River close to a steel 
plant but are at normal levels in the lower Bay. Despite heavy use of 
pestici des in the drainage basin, relatively few pesticides have been detected 
in Bay s ediments (Devoe, 1992). 
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Bottom Sediment Chart 
Botto m sediments of Winyah Bay were sampled by Colquhoun (1973). About 
210 samples were collected with a Peterson grab along traverses across the 
Bay. Locations were noted visually from landmarks and bathymetry in the Bay. 
However, the station positions are not available. Grain size was analyzed 
initially by wet sieving on a 230 mesh sieve. Then the sand fraction was 
analyzed by settling in a rapid sediment analyzer. Results were reported in 
terms of percent sand and then converted to percent mud (100 - % sand) to 
compile the chartlet, Figure 2. 
The distribution of mud abundance (Figure 2) is broadly classified into 
four classes following Colquhoun's percent sand classification. In addition 
there is a class labeled "shell debris." The chart reproduces boundaries of 
Colquhoun using a minimum mappable unit of 0.1 km2 whereby several small 
patches were deleted. 
Four sources of information and explanation of data in the sediment 
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Figure 2. Distribution of mud abundance in Winyah Bay. 
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SO60 NORTH AND SOUTH 
SANTEE RIVERS 
The Santee River estuaries are a deltaic distributary system. Their 
hydrodynamic and sedimentation regime have been markedly altered by changing 
freshwater inputs through diversion from the rivers in 1942 and rediversion in 
1985. The estuarine system receives toxic materials mostly from agriculture 
runoff and to some degree from industrial activities. The system is not 
dredged except for short cross-cutting segments of the Intracoastal Waterway. 
Configuration and Bathymetry 
The Santee River system consists of three small subsystems: (1) North 
Santee Bay, (2) North Santee River and (3) South Santee River (Figure 3A). 
Landward 23 km from the mouth, the subsystems merge into the Santee River 
which receives drainage from Lake Marion and Lake Moultrie formed by dams. 
The North Santee River is a continuation of the main river and discharges 
about 85\ of the inflow whereas the South Santee is a relic distributary 
(Elmoudi, 1964). The estuarine area is very flat and covered with extensive 
marshes. Its landward margin is bordered by ancient curvilinear beach ridges 
whereas its seaward margin is fronted by sand ridges parallel to the coast. 
Barrier islan ds flank the estuary entrances; they extend southward in response 
to longshore drift (Wollen, 1977). They are also being eroded by marine 
processes forming beach ridges which transgress marsh deposits. Estuary 
channels are relatively shoal, only 1.3 to 2.1 m deep around the ebb tidal 
deltas at the ocean entrance, and 3.5 to 6.0 m landward, being deepest (9.0 m) 
in the North Santee River and shallowest in North Santee Bay. The channels 
sho w no large -scale migration but exhibit cut and fill within the banks. 
The modern system is relatively young forming less than 5,000 years ago 
(Stephens, 1973). It formed in incised Pleistocene valleys of the Santee 
River which filled with estuarine, deltaic and fluvial sediments as the most 
recent rise of sea level drowned the valley. During the transgression the sea 
destroyed the large deltaic lobe, and former back barrier deposits (Wollen, 
1977). Submergence continues at about 3.0 m/yr (Emery and Aubrey, 1991) while 
long-term rates are about 0.9 mm/yr (Gornitz and Lebedeff, 1987). Submergence 
is not offset by sedimentation because the natural fluvial supply is reduced 
by dam construction over the past 100 years and by diversion between 1942 and 
1985 (Aburawi, 1972). 
Sediment Sources 
Sediment is supplied to the Santee River estuarine system from both 
fluvial and marine sources. Prior to modification 100 years ago the river 
supplied most of the sediment including much sand and a little clay (Neiheisel 
and Weaver, 1967). The Santee River discharge was sufficient to flush out 
seaward parts of the estuary and transport fine sediment to the inner shelf 
(Stephens et al., 1976). After diversion in 1942 fluvial input was 
drastically reduced from 10 6 m tons/yr to 10 5 m tons/yr (Aburawi, 1968). The 
total loss of sediment from the Santee drainage basin to the Atlantic Ocean is 
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es t i mated to be less than two percent of the annual soil loss (Finney, 1974). 
Wit h a decrease of inflow after diversion, marine input, mainly sand, became 
domi n an t a nd maintained a flood tidal delta. Much marine sand was supplied by 
rapi d e r os ion of the ocean coast. Marine input however, is largely limited to 
sup plyin g sediment to the lower estuaries, 3 km seaward of the entrance, 
wher eas fluvial sand occurs in landward channels (Stephens et al., 1976). 
Mari ne sands are differentiated from fluvial sands by their high carbonate 
cont ent including a marine fauna, by yellow to buff color, cross-bedding and 
biotur bation. With rediversion in 1985 fluvial discharge has been increased 
but th e sediment load will likely be retained behind dams; erosion or scouring 
may se t in especially at the estuary mouths (Stephens et al., 1976). Changes 
however , may not be evident for a decade or longer. 
Pathw ays 
Sediment transport in the estuaries is driven by tidal currents and a 
superi mposed estuarine circulation. Ebb currents normally reach 54 cm/s but 
113 cm/ s has been recorded near south and west banks (Cummings, 1970). Flood 
current s reach 46 cm/sand predominate near north and east banks. Before 
diver s i on the estuaries had a salt-wedge regime with resultant net landward 
transpo rt into the systems 2 to 3 km from the mouth. After diversion, 
reducti on of inflow allowed salt water to penetrate farther landward 
especi a l ly on the northeast side, and changed the estuaries from a salt-wedge 
to a par tially-mixed regime (Stephens, 1973). Flocculation likely enhanced 
deposi tion but the decrease of fluvial input has kept the channels from 
infilli ng (Stephens, 1973). Sand supplied by littoral drift is carried into 
the ha rbor from marine areas along the north and east sides. With rediversion 
the es tuaries should revert to a salt-wedge regime but infill at the mouths 
may li mit landward penetration of the wedge to 4 to 5 km (Stephens, 1973). 
Sinka 
The main sink of mud sedimentation is the extensive marshes bordering 
the e stuaries. In the main estuaries mud accumulates locally on tidal flats, 
o ften near the seaward or landward ends of islands, as well as locally around 
meand er point bars and in less energetic parts of the main channel floor. 
I nfil ling is active at the confluence of the North Santee River and North 
Sante e Bay near Crane Island where a flood tidal delta is present (Stephens et 
al ., 1976). Accumulation in this area is enhanced by growth of intertidal 
oy st er mounds. 
Bottom Sediments 
Coarse to fine sand predominates the Santee River estuaries (Figures 3A, 
38) (Stephens et al., 1975). Sand percentages are greatest at entrances 
whereas mud percentages are greater landward near distributary heads and 
around islands. Mud is more abundant in North Santee Bay than in the North 
and South Santee Rivers (Figure 3A). Similarly, median diameters are finer 
than 2 phi in these areas (Figure 38), especially along south and west channel 
sides. In general, high mud content and small median diameters occur headward 




In terms of pollution susceptibility the hydraulic regime under 
red iversion has an intermediate efficiency for trapping particles. 
Sus ceptibility is relatively high however, because of the general population 
lev el, agriculture activities and industrial activities in the drainage basin 
(Bi ggs et al., 1989). The fluvial sediment input however, is relatively low. 
The estuaries support a rich clam fishery (Mathews et al., 1980). 
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Bott om Sediment Chart 
Bottom sediments of the Santee Rivers were sampled by Stephens (1973) 
and Stephens et al. (1975). About 250 stations were occupied along transects 
1 km apart across the estuaries. Positioning techniques are not reported. 
Samp les of the top 1 cm were obtained from a Peterson grab. Grain size was 
anal yzed by initial wet sieving and then the sand fraction was analyzed in a 
rapi d sediment analyzer. Results are reported in terms of median diameters 
and percent sand which was converted to percent mud (100 - % sand) to compile 
the c hartlet, Figure 3A. 
The distribution of mud abundance (Figure 3A) is broadly classified into 
thre e classes following Stephens' percent sand classification. The chart 
repro duces boundaries of Stephens using a minimum mappable unit of 0.25 km2 
wher eby several small patches were deleted. 
For sources of information and explanation of data in the sediment 
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Figure 3. A. Distribution of mud abundance in the Santee Rivers. 
B. Distribution of median grain size . 
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S070 CHARLESTON HARBOR 
Des cription 
Charleston Harbor is the most prominent port on the South Atlantic 
seab oard. It is a heterogeneous harbor because its hydrodynamic regime and 
sedim entation patterns have been markedly altered by changing freshwater 
input s through diversion of the Santee River into the harbor between 1942 and 
1985. The harbor receives a wide variety of contaminants from domestic 
sewage , industrial discharge and naval activities. To support naval and 
industr ial facilities, a network of dredged channels is cut through the harbor 
9 to 12 m deep. Additionally the entrance channel is jettied, and extensive 
disposa l areas blanket bordering marshlands. 
Confi guration and Bathymetry 
Charleston Harbor forms at the confluence of three tidal rivers, the 
Wando, Cooper and Ashley (Figure 4A). The Cooper River, which is the site of 
major di version projects, is the major source of freshwater and sediment. 
Both th e harbor and tributary rivers are bordered by extensive marshlands 
drained by tidal channels. Barrier island spits flank the entrance and on the 
north at Sullivans Island, a prominent spit recurves landward accreting the 
northea stern side of the harbor. Water depths at the entrance reach 20 m. 
Most bat hymetry of the harbor is shaped by dredging of shipping channels along 
the Coop er and Ashley Rivers and deepening of the main harbor for anchorages. 
Additio nally, open water disposal shoals the floor between Ft. Johnson and the 
Ashley Ri ver mouth, off Mt. Pleasant and landward of Shutes Folly Island (U.S. 
Army Cor ps of Engineers, 1966). 
The modern harbor is relatively young forming less than 5,000 years ago 
( Staub and Cohen, 1979). It formed when the most recent rise of sea level 
inundat ed former river valleys and deltaic flood plains with deeply incised 
c h anne ls (Colquohoun et al., 1974). Barrier islands formed later, about 2,500 
ye ars ago. Submergence proceeds today at about 3.5 mm/yr (Emery and Aubrey, 
199 1 ) whereas long-term rates are 0.9 mm/yr (Gornitz and Lebedeff, 1987). 
Sediment Sources 
Sediment is supplied to Charleston Harbor proper from both fluvial and 
mar i ne sources (Levisen and Van Dolah, 1990) as well as from old coastal plain 
deposits within the system (Colquhoun, 1972). Fine sediment rich in kaolinite 
clay i s supplied mainly from the Piedmont drainage basin via the Cooper River 
(Neiheisel and Weaver, 1967), the chief source of freshwater both before and 
after rediversion (Althausen and Kjerfve, 1992). Additionally, river floods 
that scour the floor of the upper tidal rivers, supply silt and sand size 
material distinguished by particles of dolomite. A substantial amount of sand 
is also supplied from scour of the Wando River. Marine sands which extend 
18 km landward from the entrance, come from littoral drift along Sullivans 
Island spit, the shoreface and inner continental shelf (Meade, 1969; 
VanNiewenhuise et al., 1978). Since the 1985 rediversion of the Santee River, 
fluvial input of fine sediment has decreased whereas marine sand dominates the 
main harbor (Althausen and Kjerfve, 1992). 
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Path ways 
Sediment transport in Charleston Harbor is mainly driven by tidal 
curren ts and a superimposed estuarine density circulation (Althausen and 
Kjerfv e, 1992). Ebb currents reach 2.0 m/s and flood currents reach 1.0 m/s 
in the entrance during spring tides. After rediversion in 1985 the harbor 
maintai ned its partially-mixed estuarine circulation (Althausen and Kjerfve, 
1992). Fine sediment therefore, is cycled: l) seaward through freshwater 
r eaches of the tidal rivers; 2) seaward through the upper estuarine layer, 
p articul arly along the west side of the lower Cooper River and main harbor 5 
t o 10 km landward of the entrance and downward by settling and flocculation; 
3) land ward through the lower estuarine layer of the shipping channel to the 
t urbidit y maximum zone, 20 to 42 km landward of the entrance. Sand and silt 
a re carr ied into the harbor from marine areas along the northeast side of the 
e ntrance via littoral drift and through the shipping channel via lower layer 
t o about 18 km landward, i.e. vicinity of the Navy Yard (Figure 4A) 
(VanNiew enhuise et al., 1978; Davis and Van Dolah, 1993). In plan view (see 
s ediment i nventory summary), transport in the main harbor follows dual 
p athways , landward on the northeast, seaward on the southwest side with a weak 
co untercl ockwise spin in the center (Neiheisel and Weaver, 1967; Kjerfve et 
al ., 199 0). 
Sin ks 
The main sink of mud sedimentation is the shipping channel of the Cooper 
Riv er ext ending to about 18 km landward of the entrance (U.S. Army Corps of 
Eng ineers , 1966; Davis and Van Dolah, 1993). Prominent shoals occur near Drum 
Isl and an d in the western harbor south and west of Shutes Folly Island. Salt 
mar shes a nd rice fields along the upper Cooper River are sinks for fluvial 
mud. The location and rates of shoaling after rediversion have not been 
dete rmin ed . 
Bottom Sediments 
Textural distributions are heterogeneous. Mud(> 80%) is abundant in 
patches in less energetic lateral reentrants, tributary mouths, pier slips, 
the anchorage off Ft. Johnson and local shoals in the shipping channel in the 
main harbor and lower cooper River (Figure 4A). A prominent zone of mud of 40 
to 80% blankets shoal west and south of Shutes Folly Island. Another zone 
lies in the Ashley River landward of the mouth. 
The distribution of organic matter(> 2%) partly follows the pattern of 
mud and is abundant near sites of high human activity as port and docking 
facilities (Levisen and van Dolah, 1990). Highest percentages occur in the 
Cooper River and the southwest shoal of the main harbor. Organic matter 
ranges from 0.2 to 15.6% and averages 5.7% for the entire system. 
Sand is abundant in the Wanda River and seaward in channels around Drum 
Island and the northeast harbor (Figure 48). Patches of sand are found in 
channels of the upper Ashley and Cooper Rivers. Elsewhere, the distribution 
of Shepard textural types is variable and patchy (Figure 48), a pattern that 
reflects changes caused partly by 100 years of dredging and disposal besides 
construction of port facilities and river diversion and rediversion of the 
Santee River (Kjerfve, 1989). Additionally, Hurricanes David and Hugo likely 
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c hanged the textural pattern as well as the rates of sedimentation (Patterson, 
198 3; Ti s ue, 1993). 
Diversion of the Santee River into Charleston Harbor for hydroelectric 
po wer between 1942 and 1985 produced dramatic changes in the rate of 
se dimentation and textural patterns (Colquhoun, 1972). Diversion increased 
the average freshwater discharge into the harbor from 2 m3/s to 418 m3/s or 
abo ut 200 times. The increased inflow eroded the bed and banks of the upper 
Coo per River, shifted the estuarine salinity zone seaward, changed the 
hydr aulic regime from well-mixed to partly mixed thus making the harbor a more 
effi c i ent sediment trap (Althausen and Kjerfve, 1992). With a greater input 
of s ediment, especially clay and silt, sedimentation increased more than 20 
tim es, particularly along the western side of the harbor, and maintenance 
dred g i ng in the channel increased from 0.2 x 106 m3/yr to 5.8 x 10 6 m3/yr 
(Pa t t erson, 1983). 
Rediversion of the Santee River in 1985 reduced inflow from 418 m3/s to 
127 m3/s. As a consequence salinity increased and extended landward, the 
partl y-mixed regime weakened and the harbor is likely a less efficient 
sedi ment trap. With decreased fluvial input of fine sediment, marine sands 
have become dominant in the main harbor and they are carried farther landward 
than dur i ng diversion (Althausen and Kjerfve, 1992; Tisue et al., 1993). 
Zone s near the mouth of the Ashley and Wanda Rivers, as well as the western 
sid e of the lower Cooper River, are more sandy (Levisen and Van Dolah, 1990). 
Orga n i c matter increased particularly in the Cooper River and has become more 
wide spread (Levisen and Van Dolah, 1990). 
Mas s Balance 
During diversion, 1942 - 1985, a time when the shipping channel was 
dee pened 1.5 m, the harbor received an estimated 0.3 to 0.7 x 10 6 m tons of 
se d i ment, mainly fine sediment from the drainage basin and scour of the upper 
Coo per River (Patterson, 1983). Biological production of marshes and 
phyt oplankton yields about 0.25 x 10 6 m tons/yr of shell material and organic 
det ritus while erosion of shores including marshes adds an estimated 0.005 to 
0 .01 x 10 6 m tons/yr. Municipal and industrial waste input amounts to about 
0. 005 x 10 6 m tons/yr. Input from marine areas is not well established except 
by difference of the total input and accumulation. This amounts to 
ap proximately 0.05 to 0.2 x 10 6 m tons/yr. The total input is in the range of 
0.6 to 1.1 x 106 m tons/yr whereas accumulation less "runback" from disposal 
are as is about 1.1 x 10 6 m tons/yr. 
Contamination Status 
In terms of pollution susceptibility among the nation's estuaries, 
Charleston Harbor ranks high (Biggs et al., 1989). Although the hydraulic 
regime under rediversion has an intermediate efficiency for particle trapping, 
susceptibility ranks high because of the large population and high agriculture 
activity in its drainage basin relative to the size of the estuarine drainage 
area. Additionally, there is a high degree of chemical and metal processing 
activity along the shores of the lower harbor. 
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Bot to• Sediaent Charts 
Bottom sediments of Charleston Harbor have been mapped by Levisen and 
Van Dol a h (1990) as part of a "rediversion" study. One-hundred seventy-eight 
(17 8) st a tions were occupied along transects perpendicular to the shipping 
chan nel spaced about 1 km apart. Loran C was used for positioning. Laterally 
stat ions extend landward to 3.0 m water depth. Grain size was analyzed by 
hydr ometer and dry-sieving after disaggregation of dried samples. Organic 
matt er was analyzed by loss-on-ignition at 550° C and calcium carbonate by 
diss olution with hydrochloric acid. 
The distribution of mud abundance, Figure 4A is broadly classified into 
thre e classes. This classification displays dominant patterns but does not 
show spatial detail. The chart was compiled using a minimum mappable unit of 
about 0.1 km2 and smoothing isolines. Small isolated patches are not shown. 
Great er detail can be obtained by mapping the original data at larger scales 
and small c lass intervals. 
Figure 4B shows the distribution of sediment texture based on the 
Shepa rd classification (triangle). The chart was compiled using a minimum 
mapp able unit of 0.1 km2• Consequently, narrow transition zones are not 
r epre sented. For greater detail the original data should be mapped at a 
l ar ger scale. 
For sources of information and explanation of data in the sediment 
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S09O BROAD RIVER, PORT ROYAL SOUND 
Description 
The Broad River/Port Royal Sound system consists of a broad axial 
channel 4.1 km wide and 7 to 12 m deep. It experiences a large tide range, 
2.1 to 2.5 m mean range, and fast currents. Tidal action exceeds fluvial 
discharge; thus the system is dominantly a salt water tidal estuary (Neiheisal 
and Weaver, 1967). Dredging is limited to inner reaches of the Beaufort 
River. Anthropogenic influence occurs locally near Parris Island Marine Base 
and the small towns of Port Royal and Beaufort; all on the Beaufort River 
(Coastal Zone Resources Corporation, 1973). 
Configuration and B thymetry 
The system is shaped into a straight axial channel 39 km long that 
passes landward into a dendritic network of tributary tidal channels which 
dissect extensive areas of marshland. The channels bifurcate and divide into 
sub-tributaries and sub-channels. Shores of the Sound are fringed with 
intertidal tidal flats dissected by gullies. There are numerous shoals, banks 
and spits, especially at the confluence of tributary channels. Scour holes 
occur in meander heads of some tributaries. The Sound entrance has a shallow 
trough, about 12 m deep. Seaward the entrance channel is flanked by a 
prominent ebb-tidal delta. Shoals of the delta are a site of strong wave and 
current interaction. As a result changes in the entrance configuration 
account for the most abrupt and dramatic changes in erosion and deposition in 
the Sound. Barrier islands with Pleistocene remnants flank the entrance, e.g. 
Hilton Head and St. Phillips Island (Figure SA). 
The modern Sound is relatively young forming less than about 5,000 years 
ago. It formed in a former river valley as rising sea level inundated former 
fluvial channels. Submergence proceeds today at about 3.0 mm/yr (Emery and 
Aubrey, 1991) whereas long-term rates are about 0.9 mm/yr (Gornitz and 
Lebedeff, 1987). Despite the variable bathymetry, and dynamic character of 
the tides with changes in erosion and deposition, the bathymetry is likely in 
a state of long-term equilibrium (Baltzer, 1972). Sediment accumulation in 
marshes likely keep pace with submergence. 
Sediment Sources 
Sediment is supplied to the Broad River/Port Royal Sound system from 
multiple sources. Marine areas, the barrier island beaches, shoreface and 
inner continental shelf, supply substantial amounts of sand and mud. Fluvial 
input from the main river, the Coosawatchie River, is relatively low as the 
system drains a small watershed in coastal plain terrain of low relief. An 
additional sediment source is Miocene deposits in the Coosawatchie River which 
are released by bed scour (Neiheisel and Weaver, 1967). Much organic detritus 
is supplied by production of surrounding salt marshes. 
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Pathways 
Sediment transport within the Broad River/Port Royal system is dominated 
by tidal-current flow. The main pathways are broadly organized into three 
sub-sy stems: l) an inlet subsystem with landward transport of sand and mud 
via littoral drift and flood flow along the northeast side, the channel floor, 
and into the Beaufort River (Neiheisel and Weaver, 1967). Additionally, there 
is likely a strong seaward transport via ebb flow along the southwest side 
that carries fine sediment to the sea and delivers sand to the ebb-tidal delta 
sho als. 2) A weak fluvial subsystem driven by river inflow through the 
Coosa watchie River particularly during floods. 3) Fine fluvial sediment and 
marine sediment is likely dispersed into surrounding marshland via flood flow 
through tidal tributaries and sub-tributaries. Prior to accumulation, fine 
sedim ent likely undergoes repeated cycles of settling, deposition and 
resus pension. 
Si nks 
The diverse pathways lead to a variety of depositional components or 
sink s. The inlet subsystem produces complex ebb-tidal delta shoals and long, 
sea ward extending, ramp-margin shoals on sides of the axial channel. 
Dep osition from the fluvial subsystem contributes fine sediment that builds 
mar shes and intertidal flats however, net accumulation is very small (< 2.0 
mm/y r). Bed erosion likely occurs in channels or gullies draining the marshes 
and flats while accretion occurs on the flat surface and channel margins; as a 
res ult these features prograde channelward. 
Bottoa Sediments 
Sediment texture in open water areas is dominated by fine to medium 
we ll-sorted sand (Figures SA, SB) (Colquhoun, 1972). Mud, > 40%, is limited 
to small patches in less energetic zones in or off, the mouths of tributary 
cr eeks (Figure SA). Mud is dominant in marshes and headwaters of some minor 
tidal creeks (Colquhoun, 1972). Coarse sand occurs in narrow elongate zones 
of tidal channels where currents are fast. Coarse sand and shell debris are 
lag concentrates in scour zones of the axial channel floor. The textural 
distribution is highly variable in areas where bathymetry is variable. 
Contamination Status 
In terms of pollution susceptibility among the nation's estuaries, Broad 
River/Port Royal Sound ranks low (Biggs et al., 1989). It is among the least 
susceptible to toxic and nutrient contamination by virtue of its high flushing 
ability and low anthropogenic activity in the estuarine drainage basin; i.e. 
low population, low numbers of agricultural and chemical workers. The Sound 
is mainly used for fisheries and recreation however, locally shellfish areas 
are closed because of sewage treatment plant inputs (Mathews et al., 1980). 
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Botto• Sediment Charts 
The bottom sediments of Broad River/Port Royal Sound have been sampled 
by Colquhoun (1972). Over 150 samples were collected by a small Peterson grab 
an d locations were noted visually from landmarks within the Sound. Stations 
were very limited in marshes. Grain size was analyzed on dried samples after 
di saggregating and sieving on a 230 mesh sieve to separate sand and mud. The 
sa nd fraction was analyzed by settling in a rapid sediment analyzer. Results 
ar e reported in terms of median diameter. 
The distribution of mud abundance, Figure SA, is broadly classified into 
th ree classes. This classification displays major patterns but lacks spatial 
detail. The chart was compiled by using a minimum mappable unit of about 
0 .4 km2 and smoothing isolines. 
Figure SB shows the distribution of sand in terms of median diameter 
b ased on Wentworth size classes. The chart reproduces contours as drawn by 
Colquhoun (1972). 
For sources of information and explanation of data in the sediment 
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Percent Sand Area (>60%) 96 
Dominant Pattern: 
Mud in marshes, flats increasing toward 
tribuary heads. 
Sand in axial channel and on marginal 
shoals and entrance. 
Pollution Susceptibility 
Low due to high flushing ability and low 
anthropogenic activity. 










SllO OSSABAW SOUND 
Description 
The Ossabaw Sound/Ogeechee River estuarine system is one of the most 
primitive and unspoiled systems on the South Atlantic coast (Mathews et al., 
1980). The Sound and River are free of dredging and hydroelectric dams. The 
river is marked by a prominent meandering channel with a clean sand floor. 
The system experiences a large tide range, 2.2 m mean range, and fast currents 
competent to transport sand-sized bedload in the channels and across flats 
(Greer, 1975). River currents are important only during short periods of high 
river inflow. 
Configuration and Bathymetry 
Ossabaw Sound is shaped by dual channels, North Channel and South 
Channel (Figure 6). Between the two channels lies Raccoon Key, a large marsh, 
which extends seaward, as a tidal flat and a broad shoal. The main channels, 
which reach depths of 8.5 to 12.8 m, extend 3 km seaward of the entrance where 
they terminate in ebb tidal delta shoals. These shoals are a site of strong 
wave and current action. Thus, changes in entrance configuration account for 
abrupt changes in entrance erosion and deposition. Landward the channels lead 
into the Little Ogeeche River and the main Ogeeche River. The Ogeeche River, 
which rises in the Piedmont and Coastal Plain, is a meandering tidal estuary 
with prominent point bars. Salt water penetrates about 40 km landward while 
the tide extends 45 km landward (Greer, 1975). 
Shores of the Sound are partly fringed by intertidal flats and backed by 
salt marsh which is indented by several tributary creeks. The marsh extends 
seaward and laterally into Wassaw Island on the north and Ossabaw Island on 
the south. These islands are Pleistocene barrier islands with active 
accretion of Holocene beach ridges along terminal shores of the Sound entrance 
(Henry, 1988). 
The modern Sound is relatively young forming less than about 5,000 years 
ago. It formed in part behind Pleistocene barrier islands as rising sea level 
inundated former salt marsh lagoons and landward, a former river valley. 
Submergence continues today at about 2.9 mm/yr (Emery and Aubrey, 1991), while 
long-term rates are about 0.67 mm/yr (Gornitz and Lebedeff, 1987). Like other 
systems on the Georgia coast, marshes surrounding the Sound and river are 
likely in balance with sea level rise (Howard and Frey, 1985). 
Sediment Sources 
Sediment is supplied to the Ossabaw Sound/Ogeechee River system from 
multiple sources. Marine areas, as barrier island beaches, the shoreface and 
inner continental shelf supply substantial amounts of fine sand and some mud. 
The Ogeechee River mainly supplies sand, the coarse sand being eroded from 
older Pleistocene channel deposits. Organic detritus is supplied by 
production in surrounding swamp and salt marshes while shell is supplied in 
middle and seaward reaches by polychaetes and molluscs (Howard, 1975). 
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Pathways 
Sediment transport in the system is driven mainly by tidal current flow 
and a superimposed estuarine circulation. Ebb currents, which reach 1.3 m/s, 
are dominant seaward of the entrance where they have a southerly drift, and at 
all locations during high freshwater discharge (Greer, 1975). Flood dominance 
occurs on the south channel landward of the entrance (Greer, 1975). The 
syst em is partial mixed (Howard et al., 1975) and likely has an active 
est uarine circulation in middle reaches (e.g. vicinity of Shade Island) where 
a turbidity maximum occurs. There is likely a tidal channel to marsh 
subsyst em whereby fine sediment is carried into the marsh during flood flow 
and marsh detritus is swept channelward by ebb flow. Additionally, older 
deposits in the river are scoured by ebb tidal currents and high river inflow 
(Dorjes and Howard, 1975). Prior to accumulation in the middle estuary, fine 
sediment undergoes repeated cycles of settling, deposition and resuspension 
(Dorjes and Howard, 1975). 
Sinks 
Most sandy sediment accumulates as point bars in meandering river 
reaches and as tidal flats and spits in the Sound (Howard et al., 1975). The 
interacti on of ocean waves, ebb tidal flow and longshore currents, leads to 
ebb tidal-delta shoals off the entrance (Oertel and Howard, 1972). Deposition 
of fine sediment from river inflow and flood tidal currents contributes to 
buildi ng swamps, salt marshes and muddy tidal flats along margins. As these 
flats and shoals accrete, and as the river meanders, the system fills 
laterall y and is covered by a veneer of marsh sediments (Howard, 1975). 
Bottom Sediments 
Sediment texture consists of four types or facies (Figure 6) (Dorjes and 
Howard, 1975): (1) clean medium to coarse sand in the meandering part of the 
Ogeechee River channel. Silt and clay are common along channel margins and 
bordering swamps whereas channel sands contain beds of quartz pebbles eroded 
from older Pleistocene channel fill deposits. (2) Muddy fine sand in the 
lower Ogeechee River having marine tidal and salinity influence. (3) Muddy 
coarse sand and shell in Ossabaw Sound channels where coarse material is 
transported during fast tidal currents and mud is deposited near slack water. 
(4) Clean coarse sand and shelly sand in sand waves on the channel floor of 
Ossabaw Sound. Inlet shoals seaward of the Sound are dominantly fine sand. 
Sediments of the Sound are more bioturbated than in the river where they are 
strongly crossbedded. The overall pattern forms a longitudinal tripartite 
pattern, sand-mud-sand; boundaries are gradational. 
Contamination Status 
In terms of pollution susceptibility among the nation's estuaries, 
Ossabaw Sound has an intermediate susceptibility: It is high only with 
respect to a ratio of agriculture activities to estuarine area (Biggs et al., 
1989). Particle trapping is limited so that much contaminated sediment can be 
transported seaward. 
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Bottom Sedim nt Chart 
Bottom sediments of Ossabaw Sound/Ogeechee River were sampled by Dorjes 
and Howard (1975) at 63 stations along the channel axis. Additional stations 
were occupied on Sound shoals by Greer (1975) and on point bars by Howard et 
al. (1975). Only 23 samples from the channel stations were analyzed for grain 
size and mud percentage. This is not a sufficient density of stations to 
construct a sediment chart, therefore the generalized textural chart published 
by Dorjes and Howard (1975) is used. 
For sources of information and explanation of data in the sediment 
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Figure 6. Distribution of general textural types in Ossabaw Sound and the 
Ogeechee River; from Dorjes and Howard (1975). 
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SEDIMENT CHARACTERIZATION 
Sl20A DOBOY SOUND, 
ST. CATBERINES/SAPELO SOUND 
Description 
Dobey Sound is the southernmost salt-marsh estuary of the St. 
Ca the r ines/Sapelo Sound system. It is the muddiest estuary on the Georgia 
c o a st (Mayou and Howard, 1975). It experiences a large tide range, 2.3 m mean 
r ange, and fast currents. The estuary is relatively free of dredging and 
an thropogenic influence. 
Configuration and Bathymetry 
Dobey Sound is shaped into a broad, straight axial channel that passes 
la ndward into a dendritic network of tidal channels draining expanses of 
marshland (Figure 7A). The estuary lacks a river at its head but receives 
so me freshwater via the North, Back and South Rivers, which are connected to 
th e Altamaha River (Mayou, 1972). Dobey Sound proper is 10 km long and 1.2 km 
wi de. Water depths exceed 15 mat the entrance but become progressively 
sh allower landward in small tributaries. Scour holes occur at some tributary 
cre ek entrances where they join the main channel. The Sound entrance has a 
de ep, wide trough below 10 m depth and terminates seaward in a prominent ebb 
ti dal delta shoal. The delta shoals are a site of strong interaction between 
wav es and currents. As a result changes in entrance configuration account for 
th e most abrupt and dramatic changes in erosion and deposition in the Sound. 
Th e Sound lacks a flood tidal delta landward of the entrance. Shores of the 
Sou nd are fringed by intertidal flats and salt marsh indented by numerous 
tri butary creeks. Along seaward reaches, the salt marsh is backed by Sapelo 
Is land, a Pleistocene barrier island remnant with active accretion of Holocene 
be ach ridges on the north and southeast ends (Howard and Frey, 1985). 
Ac cretion on the southeast end contributes to infilling the north side of the 
Sound entrance (Hoyt and Henry, 1967). 
The modern Sound is relatively young forming less than about 5,000 years 
ago. It formed behind, or between, Pleistocene barrier islands as rising sea 
level inundated a former salt marsh lagoon with tidal channels or bordering 
swamp forests (Hoyt and Hails, 1967). Sea level rise was interrupted by a 
lowering of 1.5 to 2.0 m and resultant regression about 4,500 and 2,400 years 
ago (DePratter and Howard, 1981). Submergence however, proceeds today at 
about 2.0 mm/yr (Emery and Aubrey, 1991), a trend that partly offsets 
sedimentation thus prolonging the Sound's lifespan. Despite substantial 
erosion and deposition, besides shifting tidal channels, the total volume of 
water accommodated by Georgia coast systems like Dobey Sound remains 
relatively constant (Howard and Frey, 1985). This suggests the systems are in 
dynamic equilibrium with sea level (Letzsch and Frey, 1980). 
Sediment Sources 
Sediment is supplied to Dobey Sound from multiple sources. Marine 
areas, Sapelo Island beaches, the shoreface and the inner continental shelf 
supply substantial amounts of sand and mud. Additionally, fine sediment comes 
from the Altamaha River either via distributaries or from marine areas via 
35 
flood currents through the entrance. Another source for both mud and sand is 
reworking by tidal scour of Pleistocene and Miocene sediment on the Sound 
floor. Organic detritus is supplied by production in surrounding salt 
marshes. 
Pathways 
Sediment transport within Doboy Sound is mainly controlled by tidal-
current flow. Ebb currents, which reach 130 cm/sin the entrance, predominate 
over flood currents which reach 100 cm/s. Landward currents are channelized 
in tidal creeks and flood dominance occurs on the marsh surface (Howard and 
Frey, 1985). Transport pathways are broadly organized into three subsystems : 
(1) an inlet subsystem with seaward transport of sand through the axial 
channel and inward transport of beach and nearshore sand along the northeast 
channel side (Hoyt and Henry, 1967). Additionally, there is likely an inward 
near-bottom transport of fine sediment through the main channel and along the 
southwest side to the vicinity of the Back and North Rivers where the route is 
deflected northeastward (Mayou and Howard, 1975). (2) A fluvial subsystem 
driven by river inflow through Altamaha distributaries and tidal rivers which 
deposit a load of fine material headward or along the northeast marsh border 
of the Sound. (3) A tidal creek, channel to marsh subsystem whereby estuary 
mud is carried into the marsh by flood flow and marsh detritus is swept 
channelward by ebb flow. Additionally, older deposits in tidal creeks and on 
the Sound floor, are scoured and reworked particularly where tributaries join 
the Sound and where tidal creeks meander. Prior to accumulation, fine 
sediment undergoes repeated cycles of settling, deposition and resuspension 
(Oertel and Henry, 1979). 
Sinks 
The diverse pathways lead to a variety of depositional components or 
sinks. The inlet subsystem, which interacts with ocean waves and longshore 
currents, produces complex ebb-tidal delta shoals or ramp-margin shoals on 
sides of the channel besides distal shoals at the seaward end (Oertel and 
Henry, 1967). Deposition from the fluvial subsystem contributes to building 
marshes and intertidal flats along the northeast side of the Sound, opposite 
the North and Back Rivers, as well as around tributary entrances and seaward 
along the southwest side. Since overall sediment accumulation in the Sound 
proper is likely in dynamic equilibrium with sea level rise (Howard and Frey, 
1985), net accumulation is very small (< 2.0 mm/yr). Salt marshes are the 
main sink for mud. There is a trend of decreasing accumulation with distance 
landward from channel margins into the marsh (Howard and Frey, 1985). The 
Sound is also filling in laterally as intertidal and shoal margins prograde 
channelward (Mayou and Howard, 1975). 
Bottom Sediments 
Sediment texture is dominated by five textural types or sediment facies 
(Figure 78): (1) Mud in the axial channel and intertidal flats and marshes, 
(2) muddy fine sand, which is bioturbated, on shoals between the axial channel 
and estuary margins . This type is the most widespread and characteristic 
textural type in the Sound (Howard and Frey, 1985). (3) Interbedded sand and 
mud in a zone along the northeast side of the central and lower Sound. (4) 
Clean fine sand with occasional shell debris in patches of the central Sound 
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off tributary entrances, on high energy intertidal bars and on entrance 
shoal s. This type is commonly rippled and cross-bedded. (5) Coarse sand and 
shell are lag concentrates occurring in patches at the entrance and off 
tributary entrances. Textural distributions are highly variable. 
Although Dobey Sound is the muddiest estuary on the Georgia coast, the 
percentag e of mud throughout most of the system is relatively low,< 40%. 
Much mud is interbedded with sand particularly in the axial channel. The 
greatest abundance, > 80%, occurs in the central Sound channel opposite the 
North River (Figure 7A) where fluvial discharge reportedly is deflected by 
f l ood tidal flow (Mayou, 1972). In general, sediments become more muddy 
toward the Sound head. Patches of oyster reefs are common along marsh borders 
and intertidal mud zones while oyster shells are scattered either over marsh 
margins or in the axial channel. Despite strong currents the sediments are 
strongly bioturbated (Mayou and Howard, 1975). 
Contaai nation Status 
In terms of pollution susceptibility among the nation's estuaries, st. 
Catherines/ Sapelo Sound, of which Dobey Sound is a subsystem, ranks low (Biggs 
et al., 1989). It is among the least susceptible systems to toxic and 
nutrient contamination because of its high flushing ability and low 
anthropogenic activity in the estuarine drainage basin; i.e. low population, 
low numbers of agricultural and chemical workers. 
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Bottom Sediment Charts 
Bottom sediments of Dobey Sound have been sampled by Mayou (1972) and 
a ugmented in entrance reaches by Mayou and Howard (1975). Mayou's survey 
o ccupied 67 box core stations in the main Sound plus stations just inside 
t ributary creek entrances. The stations were occupied along 17 transects 
sp aced about 0.5 to 1.5 km apart. Methods of positioning are not reported. 
No stations were occupied in marsh areas or intertidal zones. Mayou and 
Howard's survey occupied 11 stations along three transects in the entrance. 
Th ese data are incorporated into the contoured facies chart but were not 
av ailable to include in the data base. Grain size was analyzed by hydrometer 
a nd settling tube after initial dispersion. The methods did not separate clay 
si zes (Mayou, 1972). 
The distribution of mud abundance, Figure 7A, is broadly classified into 
t hree classes. This classification displays dominant patterns but does not 
s how spatial detail. The density of stations also limits detail. The chart 
was compiled using a minimum mappable unit of about 0.1 km2 and smoothing 
i solines. 
Figure 78 shows the distribution of sediment facies taken from the paper 
by Mayou and Howard (1975). The facies pattern generally follows the 
bathymetry and is also based on sediment texture and structure information. 
According to the workers, locally there is significant lateral and vertical 
variability; thus the chart is a generalization. 
For sources of information and explanation of data in the sediment 
inventory for Dobey Sound, a subsystem of the St. Catherines/Sapelo Sound 
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B. Distribution of sediment facies in Doboy Sound; taken from 
Mayou and Howard (1975). 
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SEDIMENT INVENTORY 
Drainage and Morphology 
Total Drainage Area, Km2 167 
Average Stream Inflow, m3/s ND 
Length, Km 12.2 
Average Depth , m 6.5 
Average Width, Km 1.2 
Width /Depth Ratio 185 
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2.6 - 4.0 
0.5 - 13.5 
29 
71 
Mud in marsh, flats and channel 
increasing headward. 
Sand on entrance shoals and marginal 
shoals of lower estuary. 
Pollution Susceptlbllity 
Low due to high flushing ability and low 
anthropogenic activity. 
Data Quality, Bottom Sediment Texture 
Highly certain 
For tollol eedlment 
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SEDIMENT CHARACTERIZATION 
S12OB DUPLIN RIVER, 
ST. CATHERINES/SAPELO SOUND 
D acription 
The Duplin River is a tidal tributary of Dobey Sound. It is a well-
mixed salt-marsh estuary extending 12 km landward from the Sound. The main 
channel is about 5 m deep, 0.3 km wide at the mouth and 1.0 mat the head. 
Like Dobey Sound, the estuary experiences a large tide range, 2.1 m mean 
range. As rising tide floods the surrounding marsh the surface area increases 
more than six times (Ragotzkie and Bryson, 1955). The estuary is free of 
dredging and anthropogenic impacts. 
Configuration and Bathymetry 
The Duplin River is straight in the seaward half and meandering in the 
landward half (Figure BA). Deep zones occur on the outside of meanders and 
shoals occur on the inside except at Pumpkin Hammock (Howard et al., 1975). 
This is a resistant sandy remnant of barrier deposits or Pleistocene tidal 
channel deposits (Howard et al., 1975). Depths greater than 6 m water depth 
occur on sharp bends or at the confluence of a tributary, Bern Creek, where 
the depth reaches 14.2 m, the greatest in the estuary. Bar shoals, either 
intertidal or tidal, occur where the estuary makes more than two bends in 
opposite directions (Howard et al., 1975). 
The modern estuary is relatively young forming less than about 5,000 
years ago. It formed behind, or between, Pleistocene barrier islands as 
rising sea level inundated a former salt marsh lagoon or tidal channel. 
Although sea level rise may have been interrupted by a temporary lowering 
4,500 to 2,400 years ago (DePratter and Howard, 1981), submergence proceeds 
today at about 2.0 mm/yr (Emery and Aubrey, 1991). Like other systems on the 
Georgia coast, marshes surrounding the Duplin River are likely in balance with 
sea level rise. 
Sediment Sources 
Sediment in the Duplin River is derived mainly from within the system 
itself (Howard et al., 1975). It is a source of sandy material to Dobey Sound 
rather than a sink. The sediment is derived by tidal current scour of 
Pleistocene or fossil sediments on banks and on the floor. Fine sediment 
likely is supplied to marshes from local scour of older bed deposits, 
particularly during storms and when flood currents overflow bordering 
marshland. Shell material is a mixture of Pleistocene and recent fauna, 
mainly oysters, produced within the system (Zarillo, 1985). 
Pathways 
Sediment transport within the Duplin River is induced by tidal currents. 
Ebb currents reach 95 cm/sin seaward areas and exceed corresponding flood 
currents by 30%. Flood currents however, last longer and therefore contribute 
to tidal asymmetry in time-velocity curves. Flood dominance likely occurs on 
the marsh surface (Letzsch and Frey, 1980). Prior to accumulation, fine 
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sediment in the channel undergoes repeated cycles of settling, deposition and 
resuspension. Much seaward transport of sand occurs along the bed in the 
seaward three-fourths of the estuary. This is evidenced by development of 
megaripples and sand waves with an ebb-oriented geometry (Zarillo, 1985). 
Sinks 
Since the transport pathways lead to net export, the Duplin River is 
mainly a source of sediment rather than a sink (Howard et al., 1975). Most 
sediments exported to Dobey Sound accumulate along the north Sound margin just 
seaward of the Duplin mouth (Howard et al., 1975). Locally some material 
accumulates in a point bar and bar-shoals around meander bends. For another 
part, fine sediments accumulate in bordering marshes. Net sediment 
accumulation in marshes is likely close to sea level rise, about 2.0 mm/yr 
(Emery and Aubrey, 1991) but rates in the area can range from nearly zero to 
13.5 mm/yr (Letzsch and Frey, 1980). 
Bottom Sediments 
Sand is the dominant sediment type whereas "muddy-sand," which contains 
5 to 25% silt and clay, is second in abundance (Howard et al., 1975) . 
Commonly organic debris and shell are contained in the muddy sand. Mud with 
greater than 25% silt and clay is third in abundance. Consolidated mud is 
dense and likely represents Pleistocene or subfossil deposits exposed by scour 
of the floor. Unconsolidated mud is very fluid and contains abundant shell 
material despite its black color and HzS odor. Overall the sediment 
distribution, Figures BA and 8B, shows high lateral variability (Howard et 
al., 1975). 
Clean fine sand is the dominant sand type and extends along most of the 
estuary length. Coarse sand is restricted to areas of high current energy, 
e.g. point bars and deep holes where Pleistocene deposits are exposed. Muddy 
sand occurs as discontinuous bends at depths less than 4.5 m and is a 
gradational type between mud and sand. Unconsolidated mud occurs 
intermittently along estuary margins and locally in tributaries, zones of low 
energy. Shell concentrations occur mainly in the seaward three-fourths of the 
estuary. They are associated with all sediment types but most commonly with 
coarse sand. Physical structures in the sediment, e.g. ripple laminations and 
crossbedding, are common throughout the estuary and exceed the abundance of 
biogenic structures. Their distribution is variable but in general, they 
increase seaward in coarser sediment reflecting higher current energy toward 
the mouth. 
Contamination Status 
In terms of pollution susceptibility among the nation's estuaries, St. 
Catherines/Sapelo Sound, of which the Duplin River is a subsystem, ranks low 
(Biggs et al., 1989). It is among the least susceptible systems to toxic and 
nutrient contamination because of its high flushing ability and low 
anthropogenic activity in the estuarine drainage basin; i.e. low population, 
low numbers of agricultural and chemical workers. 
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Bottom Sediment Charts 
The sediment map, Figures BA and 88, is taken from Howard et al., 1975 . 
It is constructed from 212 grabs and 36 box cores. Station locations, 
sampling design and positioning techniques are not reported by Howard et al., 
1975. The samples were sieved into sand and mud fractions. The textural 
types within the sand fraction come from visual examination and sieving while 
the distribution of "shells," mainly oysters (Figure 88), is based on relative 
abundance with amounts up to 38% by weight. 
For further information on the classification of sediment types and 
explanation of data in the sediment inventory, see text, Appendix 2 or the 
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0.5 - 13.5 
20 
80 
Mud with shell, along channel margins, 
tributaries and marshes. 
Pollution Susceptibility 
Low due to high flushing ability and low 
anthropogenic activity. 
Data Quality, Bottom Sediment Texture 
Fairly certain 
For tow Mdiment 
SEDIMENT CHARACTERIZATION 
Sl80 BISCAYNE BAY 
Description 
Biscayne Bay is a large urbanized subtropical system that resembles a 
lagoon in shape and an estuary in dynamics. Its sediments are biogenic and 
unique, unlike those in northern systems (Wanless, 1976). The system consists 
of four compartments: (1) an urbanized northern sector landward of a sand 
barrier island, Miami Beach, (2) Biscayne Bay proper, (3) Card Sound and (4) 
Barnes Sound in the south (Figure 9). Anthropogenic stresses have 
dramatically changed the bay since the early 1900s through extensive dredging 
of the floor, filling marginal swamps and marshes and through bulkheading the 
shore (Harlem, 1979). Biscayne Bay is the largest industrial port in Florida 
and it supports numerous recreational boats as well as cruise ships (Wanless 
et al., 1984). 
Configuration and Bathymetry 
Biscayne Bay is "A" shaped, enclosed on the northeast by a barrier 
island and on the east by shoals as the "safety valve." Greatest depth, 
3.7 m, occurs in the central Bay proper and the floor shoals toward the 
barrier islands and outer shoals as well as toward the mainland which is 
fringed with mangrove swamps and soft organic sediments (Bader and Roessler, 
1971). In the northern sector the Bay is partly segmented by man-made islands 
and causeways while the Bay proper is partly segmented by an intertidal shoal, 
Feather Bed Bank. Card Sound and Barnes Sound are interconnected to the Bay 
but partly segmented by mangrove swamps and shallow grass flats which are cut 
by narrow channels of the Intracoastal Waterway. Between Key Biscayne and the 
"Safety Valve" a series of tidal bars, spillover lobes and channels 5 to 6 m 
deep, interrupt the outer shoals, which are built on a submerged coral 
limestone ridge (Wanless, 1976). 
From a geologic perspective the bay is relatively young, born about 
6,000 to 7,000 years ago when sea level invaded deeper reaches (Wanless, 
1976). Rising sea level drowned an old limestone terrain broken by numerous 
solution holes and dendritic channels, which are continuous with present-day 
tidal creeks in marginal swamps (Wanless, 1976). Long-term submergence rates 
are about 0.4 mm/yr (Wanless, 1976; Gornitz and Lebedeff, 1987) while short-
term submergence is about 2.3 mm/yr (Emery and Aubrey, 1991). Submergence 
tends to offset sedimentation in the central bay thus prolonging the bay's 
lifespan. 
Sediment Sources 
Benthic organisms within Biscayne Bay produce most sediment which 
includes calcareous and siliceous skeletal remains (Wanless, 1976). Mangrove 
production produces peaty sediment in marginal swamps while calcium carbonate 
precipitation in the swamps produces calcareous mud flats. These materials 
are reworked into the central Bay by shore erosion. Fluvial influx from 
rivers is very low but some detrital sediment, alongshore elastic sand, comes 
from southward drift of sand along ocean beaches; a quartz sand on the 
northern Bay floor comes from older Pleistocene deposits on the mainland. 
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Pathways 
Dispersion of sediments is broadly organized into four subsystems: (l) 
a tidal subsystem with landward and seaward transport active through inlets, 
the safety valve zone and through Featherbed Banks. Flood currents decelerate 
rapidly landward from about 100 cm/sin the inlets to about 20 cm/sin central 
Bay reaches (Wanless, 1967) and about 20 cm/s between Biscayne Bay, Card and 
Barnes Sounds (Bader and Roessler, 1971). The Bay is poorly mixed by tidal 
action alone and a weak nodal point occurs northeast of Little River. (2) A 
barrier subsystem of ocean waves that drives longshore currents along the 
ocean beach and shoreface and thus feeds flood tidal currents entering the 
inlets or outer shoals. (3) A wind drift superimposed on tidal currents, 
driven by northerly storm winds that drives northern and central Bay water 
southward (at 5 to 20 cm/a) and seaward through inlets as Government Gut, 
Caesar Creek and Broad Creek (Bader and Roessler, 1971). This is the main 
force for circulation in Card and Barnes Sounds. East and southeast winds 
drive an influx of ocean water across the Safety Valve zone. (4) A weak 
estuarine circulation near the Miami River mouth during periods of high river 
discharge. Prior to accumulation, fine sediment undergoes repeated cycles of 
settling, deposition and resuspension by storm wind waves and wind drift 
currents. Sediment stirred up in the central Bay is carried into marginal 
mangrove swamps during storm tides (Wanless et al., 1984). 
Sinks 
The diverse pathways and anthropogenic changes lead to a variety of 
depositional sinks. The tidal subsystem leads to flood and ebb tidal deltas 
at Bear Cut, Caesar Creek and Broad Creek. Landward decelerating currents 
aided by trapping of sea grass, leads to accumulation of mud banks landward of 
the Safety Valve. Southerly wind drift and resultant circulation cells in 
Card and Barnes Sounds are likely responsible for arcuate mud banks (Wanless, 
1976). Accumulation is aided by sea grass trapping and mangrove growth 
(Wanless, 1976). Additionally, mangroves bordering landward margins of the 
central Bay are a sink for fine sediment resuspended by storm waves and drift 
(Wanless et al., 1984). Dredging in the northern Bay has produced deep 
depressions and reentrants that accumulate fine sediment; e.g. the north side 
of Broad and Tuttle Causeways, canals landward of Miami Beach, and the deep 
turning basins and anchorages west of Port Miami (Wanless et al., 1984). The 
barrier subsystems create southward extending shoals and progradation of Key 
Biscayne which are sinks for quartz sand (Wanless, 1976). 
Bottom Sediments 
In response to physical and biogenic processes six sediment types, or 
regimes, form (Wanless, 1976) (Figure 9): (1) alongshore elastic (quartz-
carbonate) sand zone landward of northern barrier islands which accumulate by 
an influx of sand from the north (Wanless, 1976); (2) a quartz sand 
accumulation in the western half of northern Bay, where it is derived from 
Pleistocene deposits of the Atlantic Coastal Ridge landward; (3) a quartzose 
calcareous sand, which forms a thin veneer over Pleistocene limestone rock in 
open water areas of Biscayne Bay proper, central Card Sound and parts of 
Barnes sound (Earley and Goodell, 1968), The calcareous fraction consists of 
molluscs, foraminifera and the algae Halimeda. (4) A lime (calcareous) mud in 
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open water seagrass areas of Biscayne Bay landward of the safety valve and Key 
Biscayne, besides marginal shoals of Card and Barnes Sounds. This mud 
consists of algal plates, calcite and aragonite (Manker, 1975). (5) 
Calcareous sand and mud forming tidal bars in zones of energy shadows along 
bay margins as the safety valve and flood tidal deltas. This sediment mainly 
consists of skeletal carbonate of Halimeda and mollusc fragments. (6) Non-
tidal mud banks capped by mangrove islands around margins of Card and Barnes 
Sounds (Wanless, 1976). The mud is a shelly carbonate mud and the banks are 
covered with seagrasses. Additionally, western and southeastern margins of 
the system are covered with broad mangrove swamps that produce a fibrous peat. 
The overall sediment pattern is closely related to the underlying Pleistocene 
bedrock topography (Wanless, 1976). 
Organic matter ranges from less than 2% in quartz sand veneer sediments 
to 20% in dredged depressions. Typically, concentration is 3 to 6% in muddy 
carbonate of the Bay proper (Wanless et al., 1984). The organic content is 
influenced by the substrate type and biogenic production. 
Contamination Status 
Biscayne Bay is vulnerable to a variety of point and non-point source 
contaminants of which nutrients dominate in the northern part. These are 
derived from urban sewage, urban runoff and recreational boats. Toxic metals 
and organic compounds are introduced from industrial and port activities. 
Because of limited flushing combined with a high population level and 
substantial metal and chemical activity, pollution susceptibility ranks 
relatively high. 
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Botto• Sediaent Chart 
Bottom sediments of Biscayne Bay have been sampled and mapped by Wanless 
(1967, 1976) from about 100 short cores. Stations were positioned by sextant 
and triangulating on known landmarks. Stations were occupied on transects 
about 3 to 8 km being more closely spaced in northern and southern ends. 
Texture was analyzed by sieving but particle size values are not available. 
Most analyses emphasized mineralogy and composition and thickness of fill 
above bedrock. The results are summarized in a chartlet presenting sediment 
types in terms of "sediment regime." The distribution of sediment regimes is 
classified into seven classes following Wanless's original chart (Wanless, 
1976). 
For sources of information and explanation of data in the sediment 
inventory for Biscayne Bay, see text discussion or the original source 
(Wanless, 1967, 1976). 
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Figure 9. 
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Appendix 1 
Organization of data quality and criteria used for assessment of scientific certainty. 
1. DATA SOURCE QUALITY 
(1) Data Forms 
Data produced by laboratory analysis of sediment texture (e.g. wet-sieving, pipetting, 
hydrometer and settling tube analysis, etc.) is considered the highest quality . Numeric 
values (e.g. tables, computer files) are considered to produce a better data set than 
isopleths or charted distributions. NOS bottom notations or field descriptions are 
considered the lowest quality . 
Weight 
A. Laboratory Processed 
- Available as measured values 
- Available as isopleths or charted distributions 
B. Non-Laboratory Processed 
- NOS bottom notations or visual description 
(2) Degree of Laboratory Processing 
3 
2 
Laboratory processed data in terms of percent sand-silt-clay, which enables Shepard's 
classification of sediment texture, has priority over statistical parameters (e.g. mean, 
median, mode, sorting, etc.). The percent mud or sand/mud ratio, which is usually 
measured by wet sieving, is also considered to have lower quality than percent sand-silt-
clay. 
A. Percent Sand-Silt-Clay 
B. Percent Mud, Mean, or Median 
(3) Documentation 
2 
Published data which has been peer-reviewed is regarded highly certain. Semi-published 
"grey" literature, including technical reports, theses, or dissertations are not peer-reviewed 
and regarded as lesser quality. 
A. Published 
B. Semi-published "Grey" Literature, Tech. Reports, 
Theses, or Dissertation 
C. Unpublished Field Data 
3 
2 
( 4) Spatial Sampling Density 
(5) 
Sampling density is detennined by the number of stations per 1 O Km2• This is the most 
important factor affecting source data quality . The critical values of 1,3,5, and 7 are set 
by testing the data for the Chesapeake Bay and its tributaries . 
A. >7 stations / 1 O km2 5 
8 . 5 - 7 stations / 1 O km2 4 
C. 3 - 5 stations / 10 km2 3 
D. 1 - 3 stations / 1 O km2 2 
E. < 1 stations / 10 km2 1 
Additional Parameters 
The textural parameters are often interrelated to other measured parameters (e.g. organic 
content , water content , etc .). Whenever these additional parameters are measured and 
abundant, the data quality is more assured . 
A. Available other parameters 
The data source quality weightings are normalized by dividing by 15 (the maximum number of 
points) and the maximum weighting value is set to 100 percent. 
2. MAPPABILITY 
(1) Sampling Density 
When several sets of source data are used to map an estuary, the sampling density in 
terms of the whole estuary is important to detennine the mappability . The values of 3 and 
7 stations/1 O km2 are set by testing the data for the Chesapeake Bay and its tributaries . 
A. > 7 stations I 1 O km2 
8 . 3 - 7 stations / 1 o km2 




(2) Spatial Coverage 
The end product of the computer processing is a chart which shows the distribution of 
values by parameter from one or several data sources. The coverage in terms of percent 
of the whole estuary is used to assure the certainty of data representation. 
A. > 80 % 
B. 60 - 80 % 
C. < 60 % 
(3) Consistency, Number and Compatibility of data sets 
3 
2 
Variations of different data sources in time and space are important in producing consistent 
composite charts . The best chart consists of a single data source that covers the whole 
estuary at one time. The smaller the number of data sources in a composite, the better 
the mappability . 
A. 1 - 2 
B. 3 - 4 
C. > 4 
(4) Temporal Coverage 
3 
2 
Multiple coverage of the same area at several times strengthens the reliability of a chart . 
A. Over two data sets 
B. Less than two data sets 
(5) Additional Parameters 
2 
The distribution of additional parameters strengthens the reliability of a chart since many 
parameters are interrelated to grain size. 
A. Other parameters available 
The data mappability weightings are normalized by dividing by 12 (the maximum number of points) 
and the maximum weighting value is set to 100 percent. 
3. AGGREGATE QUALITY 
Normalized weightings of all data source quality values and mappability values are then averaged 
and assigned descriptors . 
(1) > 85 Highly Certain Excellent Data Set and 
Mappability 
(2) 70 - 85 Moderately Certain Good Data Set -and 
Mappability 
(3) 55 - 70 Fairly Certain Fair Data Set and Fair 
Mappability 
(4) 40 - 55 Reasonable Inference - Fair Data Set and 
Reasonable Mappability 
(5) < 40 Doubtful Rejected Data Set 
Appendix 2 
KEY TO SEDIMENT INVENTORY SHEETS 
Code Number is a NOAA code to identify estuary systems included in the 
National Estuarine Inventory (NEI). M numbers are for systems in the 
Middle Atlantic region. 
Drainage and Morphology give the fundamental hydrologic and morphologic data 
from NOAA, 1990; drainage area embraces the total drainage area 
including the estuarine drainage area and the fluvial drainage area; 
river (stream) inflow is the annual average inflow for the entire 
system; width is the average width; depth the average depth for the 
entire system; depth/width ratio is the ratio of estuary depth to width; 
sinuosity of river estuaries is the ratio of channel length to valley 
length. 
Sources are the sediment sources for either: l) the total sediment input, 
e.g. mud, sand and biogenic material, or 2) the total fine sediment, 
e.g. mud or silt plus clay. Where input rates are known such as part of 
a mass balance, the strength is expressed as a percentage of the whole. 
Where rates of input are not measured the source is reported 
qualitatively according to its relative strength in the system; very low 
is 0 - 10\; low is 11 - 30\; moderate is 31 to 70\; high is 71 to 100\. 
Pathways are the likely routes of sediment transport from the source to the 
sink, or loss by export, displayed in plan view. Bold arrow represents 
relatively strong transport; thin arrow, weak transport. Near-bottom 
transport, dashed arrow; near-surface, solid. 
Submergence Rates are the rates of relative land (sea) level change either 
short-term based on tide gages over periods of 20 to 80 years, or long-
term, geologic trends in the last 4,000 years. 
Sinks are sediment accumulation zones in the estuary for either: 1) total 
sediment, or 2) fine sediment. Where accumulation rates are known such 
as part of a mass balance, the strength is expressed as a percentage of 
the whole. Where measured rates are not available the sink is reported 
qualitatively according to its relative strength; very low is 0 - 10; 
low is 11 - 30\; moderate is 31 to 70; high is 71 to 100. 
Mass Balance is a sediment budget for either: 1) total sediment, or 2) fine 
sediment, in which the sources (inputs) are balanced by the losses, i.e. 
into the sinks or through export to the ocean. Data come mainly from 
the published literature reported in the characterization reports. Two 
or more balances reflect a range of estimates from different data 
sources and in turn, different methodology or data uncertainties. 
Storage Efficiency is the ability of an estuary to retain and accumulate fine 
sediment delivered to it. This is expressed as a ratio of the 
accumulation rate in all sinks to the drainage basin input rate. The 
rates come from the mass balance. A ratio of one implies the amount of 
sediment is equivalent to the amount supplied by the drainage basin. A 
ratio greater than one implies the estuary stores more sediment than is 
supplied by its drainage basin. 
-
Bottom Sediments 
Mud Area is the percentage of the total estuary area occupied by mud 
> 40\. In systems lacking mud> 40\, an alternate percentage or class 
is substituted as indicated. 
Sand Area is the percentage of the total NEI estuary (surface) area 
> 60\ sand. 
Water Content is the mean percentage water content expressed as wet 
weight (0 to 100\). 
Organic Matter is the mean percentage organic matter. Where original 
source data are expressed as organic carbon, the carbon values were 
multiplied by a factor of 1.8 to obtain organic matter values. 
Pattern is the gross distribution of sand and mud, i.e. longitudinally 
along the channel from head to mouth or laterally across the middle or 
lower portion of the system. In some systems the dominant pattern is 
described according to morphologic features. 
Pollution Susceptibility is the relative pollution potential of the system as 
determined by 1) hydraulic characteristics, i.e. ability of the system 
to flush dissolved pollutants, and 2) exposure to anthropogenic 
activities in the drainage basin. Relative rankings are from Biggs et 
al. (1989) and based on comparison of 78 U.S. estuaries. For further 
explanation see text. 
Data Quality is the overall relative quality including the quality of the data 
source(s) and the mappability of combined sources. Rankings range 
"highly certain," "moderately certain," "fairly certain," "reasonable 
inference" and "doubtful." For details see Appendix 1. 
